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Last Time

• Turing machines

• Languages 

• Universal Turing Machine

• Polynomial time algorithms and class P



Today

• The complexity class NP (Non-deterministic Polynomial time)

• Notion of reduction (way to compare hardness of problems)

• NP completeness (one of the most important notions of complexity)



Crossword Puzzle

• Hard to solve

• Easy to “verify” solutions

• Other examples
• Easier to verify a proof

• Easier to appreciate good art



Other Examples

• Does 𝐺 have a Hamiltonian cycle?

• Is there a vector 𝑥 such that 𝐴𝑥 ≤ 𝑏 for matrix 𝐴 and vector 𝑏 ?

• Is a given number 𝑁 a composite number?

• Are graphs 𝐺1 and 𝐺2 isomorphism?



• A

• Certificate is also called “witness”



Is P = NP ?

• One of the biggest open questions in math and sciences

• Hundreds of important problems are in NP but not known to be in P
(most of them special cases of integer programming)

• If P = NP then all these problems would be easy 
(solvable in polynomial time)

• How can we talk about “relative hardness” of two problems?



Reductions

Which one is harder to solve?

• IND-SET: Given (𝐺, 𝑘), does graph 𝐺 has independent set of size 𝑘 ?

• CLIQUE: Given (𝐺, 𝑘), does graph 𝐺 has a clique set of size 𝑘 ?



Another example

Which one is harder to solve?

• IND-SET: Given (𝐺, 𝑘), does graph 𝐺 has independent set of size 𝑘 ?

• CLIQUE: Given (𝐺, 𝑠), does graph 𝐺 has a set-cover of size 𝑠?





NP hardness and NP completeness

• We can define other “more powerful” reductions as well.





Is there any NP complete problem?



NP: Nondeterministic Polynomial Time



Next Time

• Boolean Satisfiability Problem is NP-Hard (Cook-Levin Theorem)

• Many Interesting Combinatorial Problems are NP-Hard (Karp)

• Search Problems vs. Decision Problems

• Philosophical Impacts of  P = NP and  P ≠ NP


